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the OH animals that had received hormone treatments for 4 weeks showed a significantly higher lordosis score than OV animals. The effects of hysterectomy on food intake, body weight gain and running wheel activity were also tested. After one week of 2 yg EB/day treatment, OH rats lost significantly more weight and consumed less food than iv evident.
Treatment of animals with .5 yg EB/day resulted in significant loss in body weight and food intake of OH animals throughout the experiment. Similarly, OH animals implanted with silastic capsules containing EB were significantly more active in running wheels than OV animals over the first 9 days, but by day 23, the activity of both groups were similar. Twenty four hr following a single injection of EB, hypothalamic-preoptic area cell nuclear estrogen and cytoplasmic progestin receptors were significantly higher in OH rats than in OV rats.
Some of the possible mechanisms by which hysterectomy acts to enhance hormone-dependent behaviors are discussed. v and selective subcellular hormone concentration in cell nuclei (Gorski & Gannon, 1976; O'Malley & Means, 1974) .
Hypothalamus is one potential target site for sex hormone actions. The hypothalamus contains cytoplasmic estrogen (Eisenfeld, 1970; Eisenfeld & Axelrod, 1965) , progestin (Maclusky & McEwen, 1978) , and androgen (Barley, Ginsburg, Greenstein, Maclusky & Thomas, 1975) receptors. Treatment of ovariectomized rats with behaviorally effective doses of estradiol benzoate (EB) Blaustein & Wade, 1978) .
Although the ovarian steroids selectively bind to many regions of hypothalamus, it appears that the most effective sites for the induction of behavioral responses are in medial basal and preoptic areas of hypothalamus (Zigmond & McEwen, 1970) . Sexual receptivity can be induced most effectively by intracerebral implants of estradiol and progesterone in ventromedial hypothalamus (Davis, McEwen & Pfaff, 1981; Rubin & Barfield, 1981) . Similarly,^p lants of estradiol in ventromedial hypothalamus decrease food intake, and implants in the medial preoptic area increase running wheel activity (Wade & Zucker, 1970) .
Ovarian hormones and sexual recepjtivit^I n female rodents, sexual receptivity follows a cyclic pattern. For example, rats and hamsters are receptive once every 4-5 days, while guinea pigs reach this stage every 15-16 days. Estrous behavior is induced by the sequential secretion of estradiol and progesterone by the preovulatory ovaries in these rodents. In estrous cycling rats, the blood level of estradiol begins to rise about two days prior to the onset of estrous behavior, and there is a sharp peak in ovarian progesterone secretion approximately 6 hours before sexual receptivity occurs. Estrous behavior is abolished by ovariectomy, but receptivity can be restored by treatment with estradiol and progesterone (Beach, 1948; Young, 1961) . Estradiol alone is sufficient for induction of mating in ovariectomized female rats, because the injection of daily doses in the range of 1 to 10 yg allows them to show lordosis in a high proportion of mounts they receive (Davidson, Rogers & Smith, 1968; Pfaff, 1970) .
Progesterone, on the other hand, is not necessary for the expression of sexual receptivity, but when given 24-48 hours after estradiol, this behavioral response is further facilitated. This facilitation by progesterone may take the form of increasing the percentage of animals that are behaviorally responsive, decreasing the latency of response to a fixed dose of estradiol, or permitting a decrease in the dosage of required estradiol (Morin & Feder, 1973; Whalen, 1974) .
Progesterone may also act to inhibit the expression of sexual behavior. When ovariectomized rats or guinea pigs are concurrently treated with estradiol and high doses of progesterone, little or no lordosis behavior is displayed (Edwards, Whalen & Nadler, 1968 ).
Furthermore, the facilitatory effects of additional progesterone given 24-48 hours later are not manifested or are diminished. This dose-dependent inhibitory effect of progesterone can be demonstrated in intact and ovariectomized animals; for example, at certain stages of pregnancy, rats are resistant to the induction of lordosis by sequential estrogen and progesterone treatment (Powers & Zucker, 1969) Although this resistance is initiated at times of high levels of progesterone secretion, indicating an inhibitory role for induction of sexual receptivity (Powers & Moreines, 1976) , recent studies suggest that this refractoriness may not be due to progesterone (DeGreef, Schenck, Vreeburg, Van Der Voart & Baum, 1981).
Another inhibitory effect of progesterone is the post-estrous refractoriness that occurs in intact guinea pigs after they have exhibited lordosis under the influence of their own hormonal secretion (Young, 1969) .
During this time, it is difficult to elicit lordosis by injecting estradiol and progesterone. Evidence indicates that the same progesterone that first facilitated the expression of lordosis, causes a transitory period of refractoriness to further hormonal stimulation (Zucker, 1968 ). Progesterone does not inhibit brain cell nuclear binding of ( 3 H) -estradiol (Blaustein & Wade, 1977;  DeBold, Martin & Whalen, 1976) , or inhibit the replenishment of estrogen receptors after an injection of estradiol (Pavlik & Coulson, 1976 ), nor does it compete for brain estrogen receptors (Walters & Clark, 1978; Freifeld, Feil & Bardin, 1974) .
The fact that estrogen-inducible progestin receptors can be measured in the brain, permits an approach to the problem of subcellular mechanisms of the action of progesterone in the establishment of behavioral refractoriness to further progesterone treatment. Work with uterine tissue indicates that after progesterone depletes cytoplasmic progestin receptors and causes the translocation of receptors to the uterine cell nuclei, the cytoplasmic progestin receptors are not replenished (Leavitt, Toft, Strott & O'Malley, 1974; Walters & Clark, 1978) . Other studies show that in fact there is a significant possibility that this phenomenon occurs in the central nervous system Moguilewsky & Raynaud, 1979) and may account for the post-estrous refractoriness.
Sex steroids and regulation of body weight . Body weight and adiposity fluctuate dramatically during changes in reproductive conditions in rats, and these fluctuations in body weight and more strikingly in adiposity are mainly due to changes in circulating titers of ovarian or testicular steroids.
Ovariectomy causes an increase of 20-25% in body weight in female rats, and this increase can be reversed or prevented by treatment with estradiol (Wade, 1976) . Treatment of ovariectomy rats with progesterone has no effect on body weight, but administration of Progesterone to ovariectomized estrogen-primed or gonadally intact rats leads to an increase in body weight (Wade, 1976) .
These changes in body weight and adiposity are accompanied by fluctuations in food intake and running wheel activity. It has been widely assumed that gonadal hormones act directly on the brain to influence these regulatory behaviors, which in turn determine body weight. Recent findings, however, indicate that in addition to possible central effects, estradiol and progesterone may modulate food intake by acting directly on the peripheral sites to alter metabolism.
While gonadal hormone receptors have been demonstrated to exist in such organs as liver or pancreas, much work has been done on adipose tissue because of its role as an energy storage depot and as a determinant of the availability of circulating metabolic fuel. Investigators have demonstrated that steroids are taken up by adipose tissues in several mammalian species (Bleau, Roberts, & Chapdelaini, 1974) . In addition to their capacity to store these triglyceride-soluble steroids, adipose tissues have been shown to contain specific, high-affinity binding sites for estradiol (Wade & Gray, 1978) , and high-affinity, estrogen-inducible cytoplasmic progestin receptors ). Furthermore, estradiol treatment lowers adipose tissue lipoprotein lipase (LPL) activity (Hamosh & Hamosh, 1975) . Lipoprotein lipase is a limiting factor in the transport of circulating triglycerides into adipose storage depots (Scow, Hamosh, Blanchette-Mackie & Evans, 1972) .
Changes in LPL activity are closely correlated with steroid induced changes in food intake, body weight and adiposity .
Estrogens initiate cyclic preparations of the uterine lining (endometrium) for implantations by promoting hyperemia, more rapid uptake of water, electolytes and small organic molecules, and stimulation of synthesis of RNA and proteins.
Both epithelial and stromal components of endometrium proliferate rapidly by mitosis, uterine glands elongate and tissues are primed for the subsequent action of progesterone. Estrogens also promotes growth and strengthening of myometrium (Creep, 1973) .
Progesterone acts on the estrogen primed endometrium to complete preparation for implantation. With the release of increasing amounts of progesterone, there appears to be a wave of hyperplasia involving all tissues, particularly the smooth muscle cells. In at least some species, progesterone hyperpolarizes cell membranes of myometrium, promoting relaxation and preventing coordinated contraction (Creep, 1973) .
Considerable evidence suggests that the actions of estradiol and progesterone on uterus are mediated through binding with cytoplasmic macromolecule receptors within uterine cells and translocation of steroid-receptor complex to the nucleus (Shyamala & Gorski, 1969;  Fianopoulous & Gorski, 1971; Walters & Clark, 1977; . Indeed, studies with in vivo and in vitro binding of radioactive estradiol have shown that the concentration of specific binding of estradiol in uterus is many fold greater than in pituitary or hypothalamus (Eisenfeld, 1970; Cidlowski & Muldoon, 1974) . Systemic administration of radiolabeled R5020, a synthetic progestin, to estrogen primed female rats results in the specific binding of the steroid with the whole homogenate and cell nuclei of uterus as well as pituitary and some brain regions (Blaustein & Wade, 1978) . Similar to the pattern of the binding of estradiol, the uptake of R5020 seems to be greater in the uterus than in the pituitary or the brain (Blaustein & Wade, 1978) .
These findings indicate that uterus is a major target organ for the actions of estradiol and progesterone through specific binding sites or receptors, and that these receptors are likely to mediate the physiological responses of uterus to these hormones .
The purpose of this thesis is to investigate the role of uterus in modulating the effects of estradiol and progesterone on sexual receptivity, food intake, and running wheel activity, all of which are influenced by the availability and concentration of ovarian hormones in the circulatory system. Studies have shown that hysterectomy significantly enhances the onset of maternal behavior in ovariectomized, estrogen primed, nulliparous rats (Siegel & Rosenblatt, 1975) .
Furthermore, ovariectomized-hysterectomized rats treated with estradiol benzoate (EB) and progesterone (P) show significantly higher lordosis quotients than ovariectomized animals (Siegel, Ahdieh & Rosenblatt, 1978) . In the following studies, I have extended this work by examining; 1) the time-course of the effects of hysterectomy on lordosis, 2) the effects of hysterectomy oo EB-induced changes in food intake, tunning wheel activity and hody weight gain, and 3) the effects of hysterectomy on levels of cell nuclear estrogen receptors and cytoplasmic progestin receptors in hypothalamus-preoptic area of EB-treated rats.
Experiment 1: Lordosis
Siegel, Ahdieh and Rosenblatt (1978) showed that hysterectomy facilitates EB-plus-P-induced lordosis in rats. Part 1 of this experiment attempts to replicate this finding. Siegel and Rosenblatt (1975) also found that hysterectomy enhances the onset of maternal behavior in rats when it is followed immediately by a period of estradiol treatment but not when the hormone is given 8 weeks after Procedure. Ovariectomized (OV) and ovariectomized-hysterectomized (OH) animals (n = 10, each group) received EB followed 24 hr later by P and were tested one week postoperatively. They were then given the same hormone treatment a week later and tested again.
Results.
Ovariectomized-hysterectomized animals displayed significantly higher LQs than OV animals in both tests (t(18) -2.41, £ < .05 in the first test, and t(18) -2.66, p_ < .02 in the second test), and there was no significant change from the first test to the second (Fig. 1 ).
Part 2 .
Procedure . To test whether the effect of hysterectomy persists, OV and OH rats were divided into 3 groups (n = 10 each). Starting one week after surgery, the first group was given 2 yg EB once a week for 4 weeks. The second group received the same treatment with the addition of .5 mg P 24 hr after each EB injection. The animals in the third group were given sesame oil injections on the same schedule.
One week after the fourth set of injections, all animals received 2 yg EB and .5 mg P and were tested for estrous behavior.
Results.
Ovariectomized-hysterectomized rats which received weekly injections of EB or EB plus P had significantly higher lordosis scores than OV rats (t(18) = 3.06, p < .01 and t(18) = 2.38, p < .05 respectively)
, but scores of oil-treated OV and OH groups did not differ significantly (Fig. 2 ).
Experiment 2: Eating, Activity and Body Weight
In rats, gonadal hormones influence behaviors such as food intake and running wheel activity which in turn influence body weight.
This correlation is clear in estrous-cycling rats where food consumption and activity fluctuate with the cycle (Kennedy & Mitra, 1963) .
Ovariectomy decreases running wheel activity and increases food intake and body weight. Estradiol replacement reverses the effects of ovariectomy (Mook, Kennedy, Roberts & Rodier, 1972; Wade, 1976 Figure 3 . Food intake and body weight gain of OV and OH rats treated for 18 days with 2 yg/day of EB or oil (upper graphs), and 21 days with .5 yg/day of EB or oil (lower graphs).
Procedure.
Starting 3 weeks following surgery, OV and OH rats were divided into 2 groups (n = 10 for hormone treatment and n = 7 for oil vehicle treatment in each group) and given daily injections of 2 yg EB or sesame oil for 18 days. The experiment was then repeated with different rats which received .5 yg EB or oil per day for 28 days.
Food intake (to the nearest .1 g, including spillage) and body weight (to the nearest g) were measured 3 times a week.
Results . Ovariectomized-hysterectomized rats treated with 2 yg EB per day lost significantly more weight, relative to the oiltreated controls, than OV rats after one week of EB treatment (F(2,18) = 3.61, Bonferroni t_ = 2.98, £ < .05), but after 2 weeks and thereafter, the effects of hysterectomy were no longer evident (Fig. 3) .
Similarly, EB treatment decreased food intake more in the OH rats than in OV rats over the first 7 days of treatment (F(2,18) = 3.81, Bonferroni £ = 3.17, p_ < .05) but not thereafter.
The OH animals which received .5 yg EB/day, however, lost more weight (F(l,27) = 4.55, £ < .05) and consumed less food (F(l,27) = 4.36, £ < .05) than OV animals throughout the treatment period ( Fig.   3 ).
Part 2:
Running Wheel Activity .
Procedure . Intact female rats were placed in activity cages (Wahmann Manufacturing Co., Timonium, Maryland), and baseline activity was measured over 14 days. Prior to surgery, OV and OH animals were matched for baseline activity (OV X = 4569 revolutions/day; OH X = 4417 revolutions/day). They were then ovariectomized or ovariectomized hysterectomized and received silastic capsules, 15 mm/100 g body weight, containing EB in sesame oil (166 yg/ml) . Running wheel activity was recorded 3 times a week for 5 weeks.
Results.
Running wheel activity was expressed as percent change in activity from the baseline. Over the first 9 days, OV animals reduced activity while OH animals showed a considerable increase in activity with a significant difference between the 2 groups over the first 9 days (F(2,28) = 3.96, Bonferroni t = 3.14, p_ < .05). Both groups increased their activity from day 10 to day 23 and decreased it thereafter (Fig. 4 ).
The pattern of the change in activity as a function of hysterectomy was similar to that of food intake and body weight gain of the animals which received 2 yg EB per day. It appears that in both cases, hysterectomy was effective in modulating behavior within the first several days of treatment when relatively high doses of EB were used.
The effects subsided thereafter.
Experiment 3: Estrogen and Progestin Receptors
Considerable evidence suggests that responses to estradiol and progesterone are mediated through binding of these molecules with specific cytoplasmic receptors and translocation of steroid-receptor complex to the cell nuclei (Gorski & Gannon, 1976; O'Malley & Means, 1974) . Furthermore, cytoplasmic progestin receptors are induced by estradiol (Maclusky & McEwen, 1978; Moguilewsky & Raynaud, 1979) .
The extent of the effects of these hormones depends on both cytoplasmic receptor concentration and on nuclear translocation (McEwen, Davis, Parsons & Pfaff, 1979) . In this experiment, the effects of hysterectomy on hypothalamic cell nuclear estrogen and cytoplasmic progestin receptors were examined. Part 1; Brain cell nuc lear estrogen receptors .
Procedure. Twenty OV and 20 OH rats were divided into 2 groups (n = 10 each) which were given 2 yg EB or oil and killed 24 hr later with an overdose of Nembutal. They were perfused through the heart with cold .15 M NaCl. Hypothalamus and preoptic area were dissected and pooled prior to homogenization. Cell nuclei were isolated from the homogenized tissues by the method of Zigmond and McEwen (1970) .
The levels of estrogen receptors in cell nuclei were determined by the exchange assay of Roy and McEwen (1977) . Cell nuclear estrogen receptors were solubilized by dispersing the nuclei in TBD buffer (10 mM Tris-HCl, 1 mM dithiothreitol , .5 mM bactracin, P H 7.6) and then adding equal volume of TBDK .8 (TBD, .8 M KCL) . Samples were incubated at 0°C for 30 minutes and were centrifuged at 16,000 X £ for 10 minutes. Aliquots of supernatant containing solubilized estro gen receptors were incubated with 5 mM ( Data are presented as femtomoles R5020 specifically bound per mg protein.
Results.
Cell nuclear estrogen and cytoplasmic progestin receptors were significantly higher in EB-treated than in oil treated animals ( Fig. 5 ). Furthermore, there was a greater level of cell nuclear estrogen receptors (t_(18) = 2.38, p < .05) and induction of progestin receptors (F(l,17) = 5.87, £ < .05) in the OH rats than in the OV rats.
DISCUSSION
These findings confirm the previous studies which examined the effects of hysterectomy on estrous behavior, and extend it to other hormone-dependent behaviors. Experiment 1 replicated the work of Siegel et al. (1978) showing that hysterectomy enhances the facilitation of lordosis behavior by estradiol and progesterone. Furthermore, the results of part 2 indicated that as with maternal behavior (Siegel & Rosenblatt, 1975) , the effects of hysterectomy on lordosis wane with time if periodic estradiol stimulation is absent. Ovariectomized and OH rats which received oil injections for a month prior to EB plus P treatment were equally receptive whereas OV and OH rats pretreated weekly with EB or EB plus P were significantly different.
Experiment 2 extended these findings to two other estrogen-dependent behaviors, eating and running wheel activity. Apparently, the prolonged continuous treatment of OV and OH animals with high levels of EB results in an initial difference in food intake, body weight, and running wheel activity, followed by similar responses thereafter, whereas the facilitative effects of hysterectomy persist in animals given a lower dose of EB. The high doses of EB may render the action-(s) of uterus ineffective or may mask them, whereas treatment with low doses could either keep the uterus active or delay the waning of its effects .
It is not clear how uterus inhibits the estrogen-dependent behaviors.
There are at least two-not-mutually-exclusive possibilities:
1) The uterus could lower circulating estradiol titers by either taking up significant amounts of the hormone (larger estradiolstimulated uterus would have greater capacity than atropied uterus), or by enhancing metabolism of circulating estradiol to less potent steroids and/or facilitating the clearance of it. Studies show that EB-treated monkeys have significantly greater milk secretion, and serum levels of estradiol and estrone following hysterectomy (Kuo, Cobb, Esber & Bogden, 1974) .
2) The uterus may produce some substance which acts at a distant site to decrease the responses of target tissues to estradiol. Prostaglandins are one possible candidate for this action. Caldwell et al. (1972) showed that estradiol or estradiol and progesterone stimulate the secretion of prostaglandin PGF in the ewe and that hysterectomy abolishes plasma PGF. Recently, DeGreef et al. (1980) examined the inhibition of lordosis in pregnant rats and suggested that a placental factor may be responsible for the suppression of this behavior. It is possible that the same placental factor or its analog may be secreted by the uterus and account for its inhibitory action.
Finally, Experiment 3 demonstrated that hysterectomy enhances hypothalamic preoptic area cell nuclear estrogen and cytoplasmic progestin receptor levels after EB treatment. This increase in cell nuclear receptor concentration is consistent with the hypothesis that steroid hormones act via cell nucleus to change behavior, and that the extent to which the behavior is expressed is dependent on the level of cell nuclear receptors (McEwen, Davis, Parsons & Pfaff, 1979) Antiestrogens and diabetes mellitus are factors that have been shown to reduce brain cell nuclear binding and thus lower behavioral responses to estradiol (Roy & Wade, 1977; Siegel & Wade, 1979) . However, hysterectomy is the first demonstration of a treatment that enhances brain cell nuclear estrogen receptors and behavioral responses. Experiment 3 also replicated previous findings that estradiol treatment induces cytoplasmic progestin receptors in the brain
